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(54)  A  submersible  canned  motor  mixing  pump 

(57)  A  mixer  pump  (47)  used  in  a  waste  tank  (49)  for 
mobilizing  high-level  radioactive  liquid  waste  having  a 
column  assembly  (51  )  containing  power  cables  (1  71  ),  a 
motor  housing  (53)  with  electric  motor  means  (57)  which 
includes  a  stator  can  (69)  of  a  stator  assembly 
(59,61,63,69)  and  a  rotor  can  (71)  of  a  rotor  assembly, 
and  an  impeller  assembly  (55)  with  an  impeller  (87)  con- 
nected  to  a  shaft  (81  )  of  the  rotor  assembly.  The  column 
assembly  locates  the  motor  housing  with  the  electric 
motor  means  adjacent  to  the  impeller  which  creates  an 
hydraulic  head,  and  which  forces  the  liquid  waste  into 
the  motor  housing  to  cool  the  electric  motor  means  and 
to  lubricate  radial  (80,91  )  and  thrust  bearing  (92)  assem- 
blies.  Hard-on-hard  bearing  surfaces  of  the  bearing  as- 
semblies  and  a  ring  assembly  between  the  impeller  and 
electric  motor  means  act  to  grind  down  large  particles 
in  the  liquid  waste  flow.  These  larger  particles  are  re- 
ceived  in  slots  (88)  in  the  static  bearing  members  of  the 
radial  bearing  assemblies.  Only  solid  waste  particles 
smaller  than  the  clearances  in  the  system  can  pass 
therethrough,  thereby  resisting  damage  to  and  the  in- 
terruption  of  the  operation  of  the  mixer  pump. 

Printed  by  Jouve,  75001  PARIS  (FR) 



1 EP  0  740  079  A1 2 

Description 

RELATED  PATENT  APPLICATIONS 

This  Patent  Application  is  related  to  two  patent  ap- 
plications  commonly  assigned  and  owned,  entitled  "A 
Submersible  Canned  Motor  Transfer  Pump"  and  "A  Var- 
iable  Level  Suction  Device",  being  filed  concurrently 
with  this  Patent  Application. 

BACKGROUND  OF  THE  INVENTION 

Field  of  the  Invention 

This  invention  relates  to  a  motor  mixer  pump  and 
more  particularly  to  a  submersible  canned  motor  mixer 
pump  which  mobilizes  or  mixes  high-level  radioactive 
liquid  waste  or  sludge  inside  a  waste  tank. 

Background  of  Information 

Motor  mixer  pumps  are  used  to  mix  or  mobilize 
high-level  radioactive  liquid  waste  inside  a  waste  tank 
which  is  approximately  50  to  60  feet  deep  and  which  has 
a  diameter  ranging  from  about  75  to  about  85  feet  with 
liquid  capacities  of  approximately  one  million  gallons. 
The  liquid  waste  is  pumped  out  of  the  tank  by  a  transfer 
pump  and  may  be  transferred  to  another  tank  or  the  liq- 
uid  may  be  separated  from  the  solid  radioactive  waste 
which  is  vitrified  and  collected  in  containers  which  gen- 
erally  are  buried  in  underground  concrete  vaults. 

Presently,  mixer  pumps  have  an  air  cooled  motor 
supported  on  a  riser  located  at  the  top  of  the  waste  tank 
with  a  length  of  either  24  inches,  34  inches  or  42  inches. 
In  order  to  accommodate  the  different  size  openings  in 
the  riser,  different  sizes  of  mixer  pumps  generally  are 
used  in  a  manner  well-known  in  the  art.  The  riser  has 
an  opening,  and  a  mounting  flange  on  the  riser  sus- 
pends  a  lineshaft  through  the  opening  and  hangs  down 
into  the  tank  for  an  insertion  length  of  up  to  about  58  feet 
for  mobilizing  the  liquid  waste  in  the  tank.  The  environ- 
ment  in  which  the  mixer  pump  operates  is  extremely 
abrasive  and  hostile  in  that  the  radiation  exposure  to  the 
components  of  the  mixer  pump  is  up  to  about  300  meg- 
arads  of  gamma  radiation.  This  radioactive  liquid  waste 
has  a  pH  greater  than  9.0;  an  absolute  viscosity  of  1  .0 
to  50.0  Cp;  a  specific  gravity  of  about  1  .0  to  1  .7;  a  tem- 
perature  of  about  90°  C;  and  a  relative  humidity  of  up  to 
about  1  00%.  In  addition,  this  liquid  waste  consists  main- 
ly  of  insoluble  oxides  and  hydroxides  of  aluminum,  iron, 
manganese,  and  zirconium  in  mixtures  with  water  up  to 
50%  solids  by  volume.  These  solid  particles  may  have 
a  diameter  of  up  to  about  0.040  inches. 

These  present-day  mixer  pumps  with  an  air  cooled 
motor  driving  a  lineshaft  from  outside  the  waste  tank  em- 
ploys  a  column  which  houses  the  lineshaft  in  the  tank 
and  is  filled  with  pressurized  water.  At  least  5  or  more 
sets  of  bearings  are  mounted  on  the  lineshaft  to  support 

the  radial  loads  imposed  on  the  long  lineshaft,  and  the 
pressurized  water  in  the  column  is  used  to  lubricate  the 
bearings.  Mechanical  seals  are  needed  at  the  top  and 
the  bottom  of  the  lineshaft  to  prevent  the  pressurized 

5  liquid  in  the  column  from  escaping  into  the  tank  and  to 
prevent  the  liquid  waste  in  the  tank  from  entering  the 
column.  Additionally,  the  column  is  comprised  of  several 
pipe  pieces  with  flanges  which  are  joined  together  re- 
quiring  gaskets  or  seals,  and  the  lineshaft  consists  of 

10  several  shaft  pieces  coupled  at  about  10  ft.  intervals. 
The  bearings  are  located  at  the  column  pipe  joints. 

This  present  design  for  a  mixer  pump  has  several 
disadvantages;  one  being  that  it  experiences  a  very 
short  life  in  that  it  operates  only  for  about  1  00  hours  be- 

15  fore  it  needs  to  be  repaired  or  replaced.  Another  disad- 
vantage  is  that  the  pressurized  water  in  the  column  for 
lubricating  the  bearings  leaks  out  of  the  column  and  into 
the  contaminated  liquid  in  the  waste  tank  which  adds  to 
the  amount  of  contaminated  liquid  which  must  be 

20  pumped  out  of  the  tank  and  processed.  A  further  disad- 
vantage  is  that  the  long  lineshaft  has  poor  rotor  dynamic 
performance.  With  a  multiple  bearing  system  such  as 
that  in  the  present-day  mixer  pumps,  if  wear  occurs  at 
one  bearing,  shaft  vibration  will  increase  greatly.  Align- 

25  ment  of  a  multiple  bearing  system  is  difficult.  One  or  two 
bearings  are  always  highly  loaded  and  prone  to  wear 
and/or  failure.  The  mixer  pump  has  seals  which  must  be 
maintained.  The  seals  are  rubbing  face  seals  which 
wear  with  time,  particularly,  if  abrasive  particles  are 

30  present.  These  seals  must  either  be  replaced  which  is 
difficult  to  do  with  a  radioactive  pump  or  the  pump  must 
be  disposed  of  if  the  seals  leak  too  much. 

"Canned"  motors  are  well-known  in  the  art  and  are 
disclosed  or  discussed  in  U.S.  Patent  Nos.  5,101,128; 

35  5,185,545;  5,220,231;  and  5,252,875  which  relate  to 
submersible  motor  propulsor  units. 

Thus,  there  remains  a  need  for  a  mixer  pump  used 
for  mobilizing  high-level  radioactive  liquid  waste  in  a 
waste  tank  which  has  a  longer  mechanical  and  electrical 

40  life  expectancy  than  current  designs  for  a  mixer  pump. 
There  remains  a  further  need  foramixerpump  used 

in  the  environment  discussed  hereinabove  which  has  a 
longer  life  in  that  it  has  an  improved  dynamic  perform- 
ance  compared  to  present-day  mixer  pumps  and  does 

45  not  require  seals  to  prevent  liquid  from  escaping  out  of 
or  seeping  into  the  long  column  which  houses  the  line- 
shaft. 

SUMMARY  OF  THE  INVENTION 
50 

The  mixer  pump  of  the  present  invention  for  mixing 
high-level  radioactive  liquid  waste  or  sludge  in  a  waste 
tank  has  met  the  above  needs. 

The  mixer  pump  of  the  present  invention  includes  a 
55  column  which  positions  a  canned  electrical  motor  down 

into  a  waste  tank.  The  motor  is  housed  in  a  housing  con- 
nected  to  the  column  and  has  a  canned  stator,  a  canned 
rotor,  and  a  rotatable  shaft  with  an  impeller  connected 
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to  the  shaft.  A  radial  bearing  assembly  is  provided  on 
one  end  of  the  shaft.  A  radial  bearing  assembly  and  a 
thrust  bearing  assembly  are  provided  on  the  other  end 
of  the  shaft.  The  impeller  is  housed  in  a  casing  which 
includes  suction  means  for  drawing  the  liquid  waste  into 
the  casing  and  discharge  nozzles  for  discharging  part 
of  the  liquid  waste  back  into  the  tank.  Some  of  the  liquid 
waste  which  is  not  discharged  out  of  the  casing  is  forced 
to  flow  by  the  impeller  up  into  the  electric  motor  to  lubri- 
cate  the  bearing  assemblies  and  into  an  annulus  formed 
by  the  canned  rotor  and  the  canned  stator  for  cooling 
the  motor.  At  least  the  radial  bearing  assemblies  are  of 
the  hard-on-hard  type,  with  the  bearing  elements  being 
preferably  made  of  tungsten  carbide,  and  whose  bear- 
ing  surfaces  can  function  to  grind  the  large  solid  parti- 
cles  of  the  liquid  waste  which  being  pushed  through  by 
the  process  fluid  make  their  way  between  the  bearing 
surfaces.  Slots  are  provided  preferably  in  the  static 
bearing  members  of  the  radial  bearing  assemblies  so 
that  the  large  solid  particles  are  ground  up  in  the  slots 
and  forced  through  the  slots  and  properly  disposed  of. 

The  speed  of  the  impeller  and  the  design  of  the  suc- 
tion  means  and  the  discharge  nozzles  are  such  that  a 
portion  of  the  liquid  waste  is  forced  upwardly  into  the 
bearing  assemblies  and  the  electric  motor  to  lubricate 
the  bearing  assemblies  and  to  cool  the  motor. 

A  purging  system  is  also  provided  to  clean  out  the 
liquid  waste  flow  paths  under  certain  conditions  such  as 
when  the  mixer  pump  has  not  been  used  for  any  length 
of  time.  The  column  supports  the  purging  system  and 
carries  power  cables  for  an  electrical  connection  to  the 
motor.  A  sparging  system  delivers  fresh  water  to  a 
sparge  ring  located  in  the  suction  means. 

It  is  therefore  an  object  of  the  present  invention  to 
provide  a  motor  mixer  pump  which  has  a  canned  electric 
motor  which  is  submerged  in  liquid  waste  and  which  us- 
es  the  liquid  waste  to  cool  the  motor  and  to  lubricate  the 
bearings. 

It  is  a  further  object  of  the  present  invention  to  pro- 
vide  an  improved  mixer  pump  used  in  a  waste  tank  con- 
taining  highly  radioactive  liquid  waste  and  having  a  sub- 
mersible  canned  motor  which  is  cooled  by  the  liquid 
waste  and  fluid-film  type  of  bearing  assemblies  which 
are  lubricated  by  the  liquid  waste. 

It  is  a  still  further  object  of  the  present  invention  to 
provide  an  improved  mixer  pump  used  in  an  abrasive, 
highly-radioactive  environment  which  has  a  longer  op- 
erating  life  than  prior  art  mixer  pumps. 

It  is  still  a  further  object  of  the  invention  to  provide 
an  improved  mixer  pump  which  positions  a  "canned" 
motor  near  an  impeller  assembly  which  draws  in  and 
discharges  some  of  the  liquid  waste. 

A  still  further  object  of  the  present  invention  is  to 
provide  an  improved  mixer  pump  which  uses  the  liquid 
waste  to  lubricate  the  radial  and  thrust  bearing  assem- 
blies  which  include  hard-on-hard  bearing  members  with 
surfaces  which  form  a  fluid  film  therebetween  for  said 
lubrication,  and  which  hard-on-hard  bearing  surfaces 

act  to  further  grind  down  large  liquid  waste  particles  in 
the  liquid  waste  flow. 

Moreover,  it  is  a  further  object  of  the  present  inven- 
tion  to  provide  a  mixer  pump  which  includes  a  "grinding 

5  device"  which  initially  grinds  the  large  waste  particles 
before  they  can  enter  the  bearing  assemblies. 

And  yet  a  still  further  object  of  the  present  invention 
is  to  provide  a  mixer  pump  which  includes  abrasive 
means  for  grinding  and/or  discharging  large  particles  of 

10  a  liquid  waste  prior  to  their  entering  either  the  bearing 
assemblies  and/or  the  electric  motor  means  so  that  only 
particles  less  than  the  size  of  the  radial  and/or  axial 
clearances  in  the  system  can  pass  through  the  system 
with  the  processed  liquid  flow,  thereby  resisting  damage 

is  to  the  mixer  pump  and/or  decreasing  the  chances  for 
interrupting  the  operation  of  the  mixer  pump. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

20  A  full  understanding  of  the  invention  can  be  gained 
from  the  following  description  of  the  preferred  embodi- 
ment  of  the  present  invention  when  read  in  conjunction 
with  the  accompanying  drawings  in  which: 

25  Figure  1  is  a  schematic  of  a  waste  tank  showing  the 
several  devices  including  a  mixer  pump  of  the  prior 
art  having  a  lineshaft  extending  down  into  a  waste 
tank; 
Figure  2  is  a  schematic  of  a  mixer  pump  of  the  prior 

30  art  of  Figure  1  ; 
Figure  3  is  a  vertical  cross-sectional  view  of  a  mixer 
pump  of  the  present  invention; 
Figure  4  is  an  enlarged,  cross-sectional,  partial  view 
showing  the  electrical  motor  means  and  the  impel- 

35  ler  assembly  of  Figure  3; 
Figure  5  is  a  cross-sectional,  partial  view  showing 
the  stator  assembly  of  the  electric  motor  means  of 
Figure  4; 
Figure  6  is  a  cross-sectional,  partial  view  showing 

40  the  rotor  assembly  of  the  electric  motor  means  of 
Figure  4; 
Figure  7  is  an  enlarged,  cross-sectional,  partial  view 
showing  the  upper  portion  of  the  mixer  pump  of  Fig- 
ure  3; 

45  Figure  8  is  an  enlarged,  cross-sectional,  partial  view 
showing  the  flow  paths  for  the  liquid  waste  and  for 
the  fresh  water  through  the  impeller  assembly  and 
electric  motor  means  of  the  mixer  pump  of  the 
present  invention; 

so  Figure  9  is  a  plan  view  of  the  outer  static  bearing 
members  for  the  radial  bearing  assemblies;  and 
Figure  10  is  a  cross-sectional  view  of  the  outer  bear- 
ing  members  taken  along  line  10-10  of  Figure  9. 

55  DESCRIPTION  OF  THE  PREFERRED  EMBODIMENT 

Referring  first  to  Figure  1,  there  is  shown  a  mixer 
pump  1  of  the  prior  art  in  a  waste  tank  3  for  mixing  or 
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agitating  highly  radioactive  and  abrasive  liquid  waste  2 
out  of  tank  3,  which  liquid  waste  2  contains  a  sludge  2a 
on  the  bottom  of  tank  3  and  a  liquid  indicated  at  line  level 
2b. 

Further  devices  whose  operations  and  function  are 
well-known  in  the  art  for  processing  the  liquid  waste  2 
in  tank  3  of  Figure  1  include  a  transfer  pump  6  which 
transfer  the  liquid  waste  2  out  of  tank  3,  air  lift  circulators 
8  and  1  0,  a  steam  column  1  2,  and  a  thermocouple  tree 
1  4  which  is  separated  from  air  circulator  1  0  by  a  drywall 
16. 

Referring  to  Figure  2,  mixer  pump  1  of  Figure  1  may 
be  similar  to  that  discussed  hereinabove.  Mixer  pump  1 
is  mounted  on  a  riser  5  which  is  supported  on  the  top  7 
of  waste  tank  3.  Riser  5  consists  of  a  lower  riser  member 
9  supported  by  the  top  7  of  waste  tank  3,  a  turntable  11 
supported  on  lower  riser  9,  and  an  upper  riser  member 
13  which  supports  an  air-cooled  electric  motor  15. 

Connected  by  way  of  a  rigid  coupling  1  7  to  an  output 
shaft  (not  shown)  of  motor  15  is  a  lineshaft  19  which  is 
comprised  of  a  plurality  of  individual  shaft  sections,  one 
of  which  is  indicated  at  numeral  21  ,  and  several  bearing 
assemblies  one  of  which  is  indicated  at  numeral  23. 
Lineshaft  1  9  has  a  top  mechanical  seal  25  and  a  bottom 
mechanical  seal  27,  and  is  housed  in  a  column  assem- 
bly  29  which  is  comprised  of  a  plurality  of  flanged  column 
sections,  one  of  which  is  indicated  at  numeral  28.  The 
flanged  column  sections  28  have  a  carbon  bushing  ther- 
ebetween.  The  lower  end  of  column  assembly  29  has 
an  impeller  assembly  31  with  an  impeller  33  connected 
to  lineshaft  1  9,  which  impeller  assembly  31  and  lineshaft 
19  are  basically  rotated  by  turntable  11. 

Impeller  assembly  31  has  a  liquid  waste  suction  in- 
let  (not  shown)  with  a  suction  screen  35  and  diametri- 
cally  opposed  discharge  nozzles  37  and  39. 

The  length  of  each  shaft  piece  section  21  is  about 
10  feet,  the  length  of  each  column  section  28  is  about  5 
feet,  and  the  length  of  the  column  assembly  29  including 
the  impeller  31  assembly  is  about  45  feet. 

Motor  1  5  has  a  rotary  joint  41  ,  an  electrical  slip  ring 
43,  and  a  rain  cover  45,  and  supplies  approximately  460 
volts.  Water,  under  pressure,  is  supplied  to  mixer  pump 
1  by  way  of  rotary  joint  41  .  This  pressurized  water  is  re- 
quired  for  cooling  and/or  lubricating  lineshaft  19,  the  car- 
bon  bushings  between  flanged  column  sections  28,  and 
top  and  bottom  mechanical  seals  25  and  27,  respective- 
ly. 

Upper  riser  member  13  acts  as  a  secondary  con- 
tainment  for  the  escape  of  radiation  from  waste  tank  3, 
and  lower  riser  member  9  acts  as  a  spray  chamber  for 
decontamination  when  mixer  pump  1  is  removed  from 
waste  tank  3. 

Figure  2  represents  a  typical  present-day  mixer 
pump  and  has  all  or  some  of  the  disadvantages  dis- 
cussed  hereinabove. 

Figures  3,  4,  5,  6,  7,  8,  9  and  10  represent  a  mixer 
pump  of  the  present  invention.  Referring  particularly  to 
Figures  3,  mixer  pump  47  is  shown  in  use  in  a  waste 

tank  49  located  in  the  ground  and  containing  high-level 
radioactive  liquid  waste  having  a  gamma  radiation  ex- 
posure  of  about  300  megarads,  and  which  liquid  waste 
consists  mainly  of  insoluble  oxides/hydroxides  of  alumi- 

5  num,  iron,  manganese,  and  zirconium  in  water  mixtures 
up  to  50%  solids  by  volume.  This  liquid  waste  is  to  be 
first  mixed  or  mobilized  by  mixer  pump  47  and  then 
drawn  out  of  waste  tank  49  by  a  transfer  pump  (not 
shown)  which  may  be  similar  to  that  disclosed  in  a  patent 

10  application  being  filed  concurrently  as  this  patent  appli- 
cation  and  entitled,  "A  Submersible  Canned  Motor 
Transfer  Pump",  and  which  liquid  waste  is  ultimately 
transformed  in  a  vitrification  process. 

Waste  tank  49  may  have  a  liquid  capacity  of  about 
is  one  million  gallons,  is  about  60  feet  deep,  and  has  an 

inner  diameter  of  about  75  to  85  feet. 
Mixer  pump  47  is  comprised  of  a  column  assembly 

51,  housing  means  53  connected  to  column  assembly 
51,  and  an  impeller  assembly  55  mounted  to  housing 

20  means  53. 
Referring  particularly  to  Figures  4  and  5,  housing 

means  53  encloses  an  electric  motor  means  57  which 
is  the  driving  means  for  mixer  pump  47,  and  is  com- 
prised  of  a  stator  assembly  having  an  outer  annular  shell 

25  59,  an  upper  annular  closure  member  61  and  a  lower 
annular  closure  member  63,  both  of  which  are  welded 
as  indicated  at  numerals  65  and  67  in  Figures  4  and  5 
to  the  ends  of  annular  shell  59  and  an  inner  annular  sta- 
tor  can  69  connected  to  upper  and  lower  closure  mem- 

30  bers  61  and  63. 
Electric  motor  means  57  has  a  "canned"  stator  as- 

sembly  as  shown  in  Figures  4  and  5  and  a  "canned"  rotor 
assembly  as  particularly  shown  in  Figure  6,  which  are 
well-known  in  the  art  of  electric  motors,  and  which  are 

35  "canned"  to  prevent  fluid  from  contacting  the  electrical 
components.  The  can  69  for  the  stator  assembly  of  Fig- 
ure  5,  and  the  rotor  can  71  for  the  rotor  assembly  of  Fig- 
ure  6  are  made  of  a  corrosion,  resistant  type  of  material, 
such  as  HASTELLOY®  C276  which  is  generally  a  spe- 

40  cialty  steel  alloy  and  available  from  the  Cabot  Corpora- 
tion. 

The  cans  69  and  71  respectively  of  stator  and  rotor 
assemblies  of  Figures  5  and  6  are  fitted  into  place  and 
welded  to  their  respective  housing  by  welding  after  the 

45  rotor  assembly  and  the  stator  assembly  are  electrically 
connected.  Cans  69  and  71  permit  the  liquid  waste 
which  is  processed  by  the  mixer  pump  47,  hereinafter 
which  may  be  referred  to  as  the  "processed  fluid"  to  flow 
into  the  annulus  formed  by  the  canned  stator  assembly 

so  and  the  canned  rotor  assembly  to  cool  electric  motor 
means  57,  more  about  which  will  be  discussed  herein- 
after. 

Electric  motor  means  57  may  be  a  squirrel  cage  in- 
duction-type  motor.  The  stator  windings  73  (Figures  4 

55  and  5)  and  the  rotor  cores  (not  shown)  may  be  a  silicon 
steel  laminations,  and  the  stator  core  75  (Figures  4  and 
5)  are  randomly  wound  coils. 

One  of  the  objects  of  the  present  invention  is  to  em- 

4 
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ploy  two  sizes  of  mixer  pumps  for  the  three  different  size 
risers  of  a  waste  tank.  For  a  smaller  size  mixer  pump 
47,  the  electric  motor  means  57  is  preferably  a  250 
horsepower,  10-pole  machine  that  operates  at  648  rev- 
olutions  per  minute  (RPM)  with  460  volts,  three  phase 
60  Hertz  power  supply.  For  a  larger  size  mixer  pump, 
the  electric  motor  means  57  is  preferably  a  250  horse- 
power,  6-pole  machine  that  operates  at  1155  RPM  with 
a  60  hertz  power  supply. 

The  electrical  power  supply  to  electric  motor  means 
57  is  supplied  to  the  stator  assembly  of  Figures  4  and  5 
by  means  of  a  power  cable,  shown  in  Figure  3,  which 
extends  through  a  tube  77  (Figure  4)  welded  in  upper 
annular  closure  member  61  . 

As  particularly  shown  in  Figure  4,  can  69  and  outer 
shell  59  for  the  stator  assembly  form  an  annular  cavity 
79.  In  order  to  improve  the  heat  transfer  from  the  end 
turns  of  stator  windings  73  and  to  prevent  the  entry  of 
air  or  moisture  into  annular  cavity  79,  annular  cavity  79 
is  completely  potted  up  to  upper  closure  member  61  with 
a  sand-silicon  varnish  mixture  which  is  generally  baked 
around  the  windings  73  to  form  a  hard,  thermally  con- 
ductive  solid.  Otherwise,  the  stator  assembly  of  Figures 
3-5  is  adequately  cooled  by  the  processed  fluid  passing 
over  the  outside  surface  of  the  stator  can  69,  more  about 
which  will  be  discussed  hereinafter. 

The  typical  insulation  of  stator  core  75  and  the  pot- 
ting  in  stator  cavity  79  forms  an  insulation  system  for 
electrical  motor  means  57,  which  is  considered  by  the 
inventors  to  be  more  than  adequate  for  a  radiation  ex- 
posure  of  300  megarads  caused  by  the  liquid  waste  in 
tank  49  which  is  expected  over  a  10  year  operating  life 
for  mixer  pump  47. 

The  insulation  system  has  been  tested  to  a  radiation 
level  of  1000  megarads,  and  has  shown  no  significant 
reduction  in  electrical  performance  of  electric  motor 
means  57.  The  insulation  for  core  75  may  also  be  mica 
or  glass. 

Referring  now  to  Figures  3,  4,  and  6,  and  particu- 
larly  Figure  6,  the  rotor  assembly  of  electric  motor 
means  57  is  comprised  of  a  rotor  (not  shown)  in  can  71  , 
shaft  81  extending  through  rotor  can  71  ,  journals  83  and 
85  connected  to  the  ends  of  shaft  81  ,  and  an  impeller  87. 

The  rotor  (not  shown)  in  rotor  can  71  of  the  rotor 
assembly,  preferably,  is  magnetic  with  slots  machined 
in  the  rotor  for  the  rotor  bars.  The  rotor,  preferably,  has 
copper  bars  and  end  rings  brazed  together  to  form  the 
traditional  type  of  squirrel  cage  rotor  assembly.  Rotor 
can  71  is  welded  to  shaft  81  to  hermetically  seal  and 
isolate  the  squirrel  cage  components  of  the  rotor  from 
the  processed  fluid.  The  rotor  components  in  rotor  can 
71  are  cooled  by  the  processed  liquid  flowing  over  shaft 
81  and  into  the  annulus  formed  by  the  stator  can  69  and 
the  rotor  can  71,  more  about  which  will  be  discussed 
hereinafter. 

Referring  particularly  to  Figure  4,  both  the  upper 
and  lower  ends  of  shaft  81  include  the  journals  83  and 
85,  respectively.  Upper  journal  83  includes  a  radial  bear- 

ing  assembly  89,  and  lower  journal  85  includes  a  radial 
bearing  assembly  91  and  a  thrust  bearing  assembly  92. 

Journals  83  and  85  are,  preferably,  made  of  a  hard 
material,  such  as  tungsten  carbide,  and  constitute  rotat- 

5  ing  bearing  members  83a,  85a  with  bearing  surfaces  for 
radial  bearing  assemblies  89  and  91  ,  respectively  of  Fig- 
ure  4.  Journals  83  and  85  are  slotted  on  their  ends,  and 
each  journal  is  secured  axially  and  radially  to  shaft  81 
by  a  tabbed  retaining  ring  (not  shown)  which  is  shrunk 

10  onto  and  fastened  to  shaft  81  . 
Radial  bearing  assemblies  89  and  91  as  best  shown 

in  Figure  4  further  include  a  stationary  bearing  member 
83b  and  85b,  respectively,  which  run  against  the  bearing 
members  83a,  85a  of  journals  83  and  85,  respectively, 

is  on  rotor  shaft  81  and  which  static  bearing  members  83b 
and  85b  are  mounted  on  an  annular  housing  93  and  95, 
respectively.  Preferably,  static  bearing  members  83b, 
85b  are  made  of  a  hard  material,  such  as  tungsten  car- 
bide  and  undergo  a  shrinkfit  process  for  mounting  there- 

to  of  on  annular  housings,  93  and  95,  respectively. 
The  bearing  span  formed  by  journals  83  and  85  and 

the  bearing  members  83a,  83b,  85a,  and  85b  for  radial 
bearing  assemblies  89  and  91  are  relatively  short,  thus 
the  required  alignment  for  these  two  bearing  assemblies 

25  89  and  91  can  be  controlled  by  the  manufacturing  proc- 
ess,  and  consequently  no  self-alignment  feature  for 
bearing  assemblies  89  and  91  is  required.  That  is,  the 
tolerances  placed  on  bearing  members  83a,  83b,  85a, 
85b,  limit  the  angular  misalignment  between  these 

30  members  when  the  outer  diameter,  the  inner  diameter, 
and  the  concentricity  of  these  bearing  members  are  con- 
trolled.  The  configuration  and  length  of  journals  83  and 
85  and  the  arrangement  of  static  bearing  member  83b 
and  85b  with  rotating  bearing  members  83a  and  83b 

35  create  a  fluid-film  riding  and  self-lubricating  bearing  as- 
sembly  for  radial  bearing  assemblies  89  and  91  ,  which 
eliminate  the  need  for  any  rotating  seals,  any  contacting 
bearings,  and/or  any  separate  lubrication  systems, 
which  generally  are  necessary  for  the  radial  bearing  as- 

40  semblies  of  the  prior  art. 
As  shown  in  Figures  9  and  10,  static  bearing  mem- 

bers  83b  and  85b  have  axial  slots  some  of  which  are 
indicated  at  88  which  allow  solid  particles  of  the  liquid 
waste  in  tank  49  of  Figure  3  which  are  larger  than  the 

45  radial  clearances  between  bearing  members  83a  and 
83b  and  between  bearing  members  85a  and  85b  to  be 
ground  up  in  the  slots  88  and  thereafter  to  pass  through 
and  out  of  radial  bearing  assemblies  89  and  91.  As 
shown  in  Figure  10,  these  slots  are  located  in  the  inner 

so  surface  of  bearing  members  83b  and  85b,  and  are  axial 
grooves  therein.  Preferably,  the  depth  of  axial  slots  88 
is  less  than  the  clearance  or  annulus  formed  by  stator 
can  69  and  rotor  can  71  .  The  depth  of  slots  is  about  0.14 
inches  and  its  width  is  about  0.35  inches.  Even  though 

55  slots  88  are  indicated  as  being  axial  grooves  relative  to 
bearing  members  83B  and  85B,  it  is  to  be  appreciated 
that  slots  88  may  be  helical  or  skewed  grooves.  Prefer- 
ably,  rotating  bearing  members  83a,  85a  have  a  contin- 

5 
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uous  inner  surface  along  their  length. 
As  best  shown  in  Figure  4,  annular  housing  93  is 

bolted  to  upper  closure  member  61  ,  and  annular  hous- 
ing  95  is  bolted  to  lower  closure  member  63.  Annular 
housings  93  and  95  of  radial  bearing  assemblies  89  and  s 
91  ,  respectively,  are  preferably,  made  of  stainless  steel. 

Located  adjacent  to  journal  85  of  lower  radial  bear- 
ing  assembly  91  and  mounted  on  shaft  81  is  thrust  bear- 
ing  assembly  92.  Thrust  bearing  assembly  92  is  com- 
prised  of  a  thrust  runner  97  which  is  secured  radially  to  10 
rotor  shaft  81  by  a  key  99,  and  which  is  secured  axially 
to  shaft  81  by  a  thrust  runner  nut  101.  Thrust  bearing 
assembly  92  is  further  comprised  of  thrust  shoes,  indi- 
cated  at  numerals  103  and  105  in  Figure  4,  more  about 
which  will  be  discussed  hereinbelow.  15 

Thrust  runner  97  is  preferably  made  of  stainless 
steel  and  contains  a  continuous  ring  109  located  on  its 
undersurface,  and  as  particularly  shown  in  Figure  4,  and 
which  run  against  the  thrust  shoes  103  and  105.  This 
bearing  member  109  of  thrust  runner  97,  as  well  as  20 
thrust  shoes  103  and  105,  is  preferably,  made  of  a  hard 
material,  such  as  tungsten  carbide  or  silicon  carbide. 
Ring  bearing  member  109  is  attached  to  the  undersur- 
face  of  thrust  runner  97  through  a  shrink  fit  process. 
Thrust  shoes  103  and  105  are  mounted  in  a  lower  end  25 
plate  1  1  1  which  is  bolted  to  lower  annular  closure  mem- 
ber  63  shown  best  in  Figure  4.  As  in  the  case  of  radial 
bearing  assemblies  89  and  91  ,  the  manufacturing  proc- 
ess  of  thrust  shoes  103  and  105  and  thrust  bearing 
member  1  09  of  thrust  bearing  assembly  91  through  ap-  30 
propriate  tolerances  control  the  bearing  alignment  with- 
out  the  need  for  self  -alignment  of  thrust  bearing  assem- 
bly  92  such  that  any  angular  misalignment  at  the  thrust 
bearing  assembly  92  is  acceptable. 

The  hard-on-hard  radial  bearing  assemblies  89  and  35 
91,  as  discussed  hereinabove,  employ  axial  slots  in 
bearing  members  83b  and  85b  which  extend  on  the  in- 
ner  surface  thereof  along  their  respective  lengths  as 
particularly  shown  in  Figures  9  and  10  and  which  allow 
the  larger  particles  of  the  liquid  waste  which  enter  the  40 
radial  bearing  assemblies  89  and  91  to  be  flushed  out 
by  the  process  liquid  without  damage  to  any  compo- 
nents  of  the  mixer  pump  47. 

The  type  of  material,  which  preferably  is  tungsten 
carbide,  for  the  bearing  components  of  radial  bearing  45 
assemblies  89  and  91  and  thrust  bearing  assembly  92 
is  considered  by  the  inventors  as  being  compatible  with 
the  high  pH  chemistry  of  the  liquid  waste,  is  generally 
highly  abrasive  resistant,  and  therefore,  is  generally 
suitable  for  the  type  of  liquid  waste  in  which  the  mixer  so 
pump  of  the  present  invention  is  employed  in  that  the 
liquid  waste  has  a  high  viscosity  and  is  highly  abrasive. 

Referring  to  Figures  3,  4  and  6,  located  adjacent  to 
thrust  bearing  assembly  92  and  mounted  on  rotor  shaft 
81  and  partially  extending  into  lower  end  plate  111  is  55 
impeller  assembly  55  which  consists  of  impeller  87,  a 
suction  adapter  113  connected  to  impeller  87,  an  inlet 
screen  1  1  5  attached  to  suction  adapter  1  1  3,  and  a  cas- 

ing  117  enclosing  impeller  87  and  suction  adapter  113. 
As  shown  best  in  Figures  4  and  6,  an  impeller  hub 

118  of  impeller  87  has  a  tungsten  carbide  ring  119  and 
lower  end  plate  111  has  a  tungsten  carbide  ring  121. 
Rings  119  and  121  cooperate  with  each  other  to  act  as 
a  "grinder"  for  the  large  particles  in  the  processed  fluid 
of  liquid  waste,  more  about  which  will  be  discussed 
hereinafter. 

Referring  to  Figure  4,  impeller  87  is  secured  radially 
to  rotor  shaft  81  by  key  123  and  is  secured  axially  to 
shaft  81  by  an  impeller  bolt  125.  Impeller  87,  preferably, 
has  five  vanes  (two  of  which  are  shown  and  indicated 
at  numerals  127  and  129),  is  fully  shrouded,  and  is  a 
stainless  steel  casting.  Impeller  87  may  range  from 
about  18  to  23  inches  in  diameter. 

Casing  117  which  encloses  impeller  87  is,  prefera- 
bly,  made  of  stainless  steel,  and  is  bolted  to  lower  end 
plate  111.  Casing  1  1  7,  preferably,  acts  as  a  dumped  dif- 
fusion  device.  Casing  1  1  7  has  two  radial  discharge  noz- 
zles  131  and  133  which  are  about  180°  apart. 

When  mixer  pump  47  of  the  invention  of  Figure  3  is 
fully  inserted  into  tank  49,  discharge  nozzles  131  and 
133  may  be  spaced  approximately  15  to  17.5  inches 
from  the  bottom  of  tank  49,  depending  on  the  size  of 
mixer  pump  47. 

As  shown  best  in  Figure  4,  impeller  87  includes  a 
hub  1  1  8  and  upper  shroud  1  35  and  is  seated  at  its  lower 
end  in  suction  adapter  1  1  3,  and  at  its  upper  end  in  lower 
end  plate  111  by  way  of  rings  119  and  121.  Suction 
adapter  1  1  3  is  bolted  to  casing  1  1  7  near  discharge  noz- 
zles  131  and  133  best  shown  in  Figure  4. 

Suction  adapter  113  is  preferably  a  stainless  steel 
casing  which  supports  inlet  screen  115  by  way  of  guide 
pins  or  vanes,  two  of  which  are  indicated  at  numerals 
137  and  139.  When  mixer  pump  47  is  being  installed  in 
tank  49,  vanes  or  guide  pins  1  37  and  1  39  help  to  guide 
mixer  pump  into  tank  49.  During  operation  of  mixer 
pump  47,  guide  pins  1  37  and  1  39  act  to  reduce  any  vor- 
texing  of  the  liquid  waste  which  may  occur  in  the  suction 
inlet  area. 

Inlet  screen  115,  which  is  supported  by  suction 
adaptor  1  1  3,  has  a  mesh  which  is  sized  to  resist  the  en- 
try  of  any  solid  particles  which  could  damage  or  block 
the  hydraulics  of  impeller  assembly  55  of  mixer  pump 
47,  which  hydraulics  are  basically  created  by  impeller 
87,  casing  1  1  7  and  suction  adapter  1  1  3. 

The  flow  area  of  inlet  screen  1  1  5  is  large  enough  to 
minimize  the  velocity  of  the  flow  of  the  liquid  waste  into 
impeller  87  and  to  reduce  the  head  loss  across  the  inlet 
screen  115.  A  sparge  ring  141  is  located  at  the  bottom 
of  suction  adapter  11  3  to  back  flush  the  inlet  screen  and 
to  disperse  any  heavy  sludge  from  the  suction  area  of 
suction  adapter  1  1  3  which  may  be  picked  up  in  this  area 
when  mixer  pump  47  is  being  installed  into  tank  49,  and 
more  about  which  will  be  discussed  hereinbelow. 

As  stated  hereinabove,  the  components  of  impeller 
assembly  55  for  creating  the  hydraulics  for  mixer  pump 
47  consists  of  suction  adapter  113,  a  five-vane  fully 
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shrouded  impeller  87,  and  a  dumped  diffusion  casing 
117.  The  sizing  of  the  hydraulics  for  mixer  pump  87  is 
based  on  a  desired  maximum  electrical  input  of  350 
horsepower  (261  .1  kw)  at  design  conditions.  The  effec- 
tiveness  of  mixer  pump  47  with  regard  to  mobilizing  the 
sludge  from  the  liquid  waste  is  based  on  the  nozzle  dis- 
charge  coefficient,  which  is  the  product  of  the  diameter 
of  radial  discharge  nozzles  131  and  133  of  casing  117 
and  the  exit  velocity  of  the  discharge  of  the  liquid  waste 
for  these  radial  discharge  nozzles  1  31  and  1  33.  For  the 
smaller  size  mixer  pump  47  as  discussed  hereinabove, 
the  nozzle  coefficient  may  be  about  26.1  feet2  per  sec- 
ond,  and  for  a  larger  size  mixer  pump  47  as  discussed 
hereinabove,  the  nozzle  coefficient  may  be  about  34.4 
feet2  per  second. 

The  maximum  diameterfor  radial  discharge  nozzles 
1  31  and  1  33  of  casing  1  1  7  is  about  22.5  inches  for  the 
smaller  size  mixer  pump  47,  and  about  40.5  inches  for 
the  larger  size  mixer  pump.  A  suction  speed  limitation 
of  about  12,000  at  16  feet  of  available  net  positive  suc- 
tion  head  (NPSH)  was  imposed  for  the  hydraulics  based 
on  the  experience  of  Westinghouse  personnel  which  re- 
sulted  in  zero  head-loss  operating  conditions  for  the  im- 
peller  assembly  87  with  the  impeller  assembly  87  being 
free  of  any  damage  thereto. 

Referring  particularly  to  Figure  8,  suction  adapter 
1  1  3,  casing  1  1  7  and  lower  end  plate  1  1  1  form  an  impeller 
cavity  143  through  which  the  processed  liquid  waste 
flows  in  a  direction  as  indicated  by  the  several  arrows, 
one  of  which  is  indicated  by  numeral  145.  Immediately 
above  impeller  cavity  143  is  a  thrust  bearing  cavity  147 
formed  by  lower  end  plate  111  and  lower  annular  hous- 
ing  95,  in  which  the  processed  liquid  waste  further  flows 
in  a  direction  as  indicated  by  the  arrows,  one  of  which 
is  indicated  by  numeral  149.  Immediately  above  thrust 
bearing  cavity  1  47  is  a  motor  cavity  151  formed  by  upper 
and  lower  annular  housings  93  and  95,  respectively,  and 
stator  can  69,  through  which  the  processed  liquid  waste 
flows  in  the  direction  as  indicated  by  the  several  arrows, 
one  of  which  is  indicated  at  numeral  153.  Immediately 
above  motor  cavity  151  is  a  cavity  1  55  formed  by  upper 
annular  housing  93  and  an  upper  end  plate  157,  which 
is  bolted  to  upper  annular  closure  member  61  . 

Upper  end  plate  157  is,  preferably,  made  of  stain- 
less  steel  and  is  welded  to  an  annular  member  1  59.  An- 
nular  member  159  is  part  of  a  cap  assembly  161  which 
further  consists  of  an  annular  support  plate  1  63.  Annular 
support  plate  1  63  is  welded  to  annular  member  1  59  and 
column  assembly  51  . 

Referring  particularly  to  Figure  3,  column  assembly 
51  consists  preferably  of  a  fabricated  1  6  inch  outer  pipe 
1  65  which  is  welded  to  annular  support  plate  1  63  of  cap 
assembly  161  at  its  one  end  and  to  a  mounting  flange 
1  67  at  its  other  end  which  suspends  mixer  pump  47  from 
a  rotatable  turntable  assembly  169. 

Referring  particularly  to  Figures  3  and  7,  column  as- 
sembly  51  further  consists  of  a  cable  tray  assembly  171 
which,  in  essence,  supports  severable  cables,  one  of 

which  is  indicated  at  numeral  173  and  which  is  shown 
as  extending  in  a  cavity  175  formed  by  pipe  165  of  col- 
umn  assembly  51  .  Cable  tray  assembly  171,  in  addition 
to  the  power  cables  173  is  comprised  of  an  upper  clo- 

5  sure  plate  176  which  is  bolted  to  mounting  flange  167 
and  which  closes  off  cavity  1  75  at  the  upper  end  of  pipe 
165,  a  support  tube  177  which  extends  through  cavity 
175  and  parallel  to  power  cable  173,  and  a  plurality  of 
tray  guides  1  79,  1  81  ,  1  83,  and  1  85,  shown  best  in  Figure 

w  3. 
As  is  shown  in  Figure  3,  support  tube  1  77  and  cable 

173  extend  through  tray  guides  179,181,183,  and  185, 
which  may  be  spaced  every  3  to  8  feet,  with  support  tube 
1  77  being  welded  in  tray  guides  1  79-1  85  and  cable  1  73 

is  being  held  in  tray  guides  179-185  by  means  such  as 
electrical  cable  grips  indicated  at  numerals 
187,189,191,  and  193,  respectively. 

Referring  particularly  to  Figure  7,  the  three  power 
cables  1  73  each  carry  a  single  phase  for  a  three  phase 

20  460  volt  electrical  supply  to  the  electric  motor  means  57 
of  mixer  pump  47,  and  are  connected  at  the  upper  end 
of  column  assembly  51  to  leads  195  in  an  explosion 
proof  auxiliary  terminal  box  197  mounted  on  closure 
plate  176  of  cable  tray  assembly  171  .  Referring  partic- 

25  ularly  to  Figure  3,  power  cable  173  is  connected  at  the 
lower  end  of  column  assembly  51  to  electric  motor 
means  57  by  a  terminal  flexible  strap  1  96  located  in  cap 
assembly  161. 

Referring  again  to  Figure  7,  rotatable  turntable  as- 
30  sembly  1  69  is  comprised  of  a  bearing  and  gear  assem- 

bly  1  97  bolted  to  a  fixed  mounting  plate  1  99,  a  bearing 
plate  201,  bolted  to  and  associated  with  bearing  and 
gear  assembly  197,  a  drive  assembly  (not  shown)  for 
driving  bearing  and  gear  assembly  197,  and  mounting 

35  flange  167  which  is  bolted  to  bearing  plate  201  and 
which  supports  closure  plate  176.  The  drive  assembly 
(not  shown)  generally  may  consist  of  a  totally  enclosed 
0.5  horsepower  motor,  a  variable  speed  belt  drive,  and 
a  speed  reducer,  and  generally  has  the  capacity  to  ro- 

40  tate  turntable  assembly  169  up  to  about  0.5  revolutions 
per  minute,  and  about  a  vertical  axis  for  mixer  pump  47 
in  an  oscillatory  180°  angular  motion.  The  oscillatory 
motion  aids  in  mobilizing  the  sludge  in  waste  tank  49. 

Still  referring  to  Figures  3  and  7,  turntable  assembly 
45  1  69  is  protected  from  the  elements  by  a  rain  cover  203 

which  is  bolted  to  fixed  mounting  plate  1  99,  and  contains 
several  hanger  members  for  supporting  both  the  power 
lines,  the  fresh  water  lines  and,  if  necessary  a  nitrogen 
gas  supply  line  connected  to  the  mixer  pump  47.  In  Fig- 

so  ure  3,  only  one  hanger  member  205  is  shown  for  sup- 
porting  a  flexible  power  cable  207  for  supplying  electri- 
cal  power  to  the  several  components  of  mixer  pump  47. 
The  power  lines,  water  lines,  and  gas  lines  are,  prefer- 
ably,  flexible  so  as  to  be  able  to  move  with  the  rotation 

55  of  turntable  assembly  1  69.  The  power  cable  207  is  con- 
nected  to  a  customer  interface  termination  box  209 
which  is  supported  on  fixed  mounting  plate  199. 

Mounting  flange  167  carries  a  purge  line  connection 

7 
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joint  211  and  a  sparge  line  connection  joint  213  which 
are  connected  to  a  fresh  water  supply  system  (not 
shown)  and  to  feed  pipes  21  5  and  21  7  which  run  parallel 
to  and  externally  of  column  assembly  51  .  As  best  shown 
in  Figure  8,  preferably,  three  separate  purge  feed  pipe 
lines  215,219,  and  221  are  provided,  where,  as  partic- 
ularly  shown  in  Figure  8,  pipe  line  21  5  delivers  fresh  wa- 
ter  into  a  radial  port  223  of  upper  end  plate  157,  which 
port  223,  in  turn,  delivers  the  fresh  water  into  cavity  155 
and  onto  upper  radial  bearing  assembly  89,  the  flow 
path  of  which  is  indicated  by  the  arrows  at  numeral  225. 
Feed  line  21  9  delivers  fresh  water  into  cavity  1  47  for  low- 
er  radial  bearing  assembly  91  and  thrust  bearing  assem- 
bly  92,  the  flow  path  of  which  is  indicated  by  the  arrows 
at  numeral  227.  Feed  line  221  delivers  fresh  water 
through  radial  port  229  of  lower  end  plate  111  ,  which,  in 
turn,  directs  the  water  into  impeller  cavity  143  and  onto 
impeller  87.  Basically,  one  sparge  line  217  is  provided 
and  delivers  fresh  water  to  sparge  ring  141  in  inlet 
screen  115  of  impeller  assembly  55,  the  flow  path  of 
which  is  in  the  direction  of  the  arrows,  one  of  which  is 
indicated  at  231  .  The  fresh  water  in  sparge  ring  1  41  back 
flushes  the  inlet  screen  115  and  cleans  the  suction  inlet 
area  as  mixer  pump  47  is  being  installed  into  waste  tank 
49  in  order  to  ensure  free  flow  of  the  passages  therein. 

Purge  feed  lines  215,  219  and  221  can  be  used  to 
flush  the  process  fluid  out  of  mixer  pump  47  either  im- 
mediately  after  the  mixer  pump  is  shut  down,  or  after  an 
extended  layup  for  the  mixer  pump,  and/or  immediately 
prior  to  removing  the  mixer  pump  from  waste  tank  49. 
Feed  line  221  into  the  hydraulics  of  impeller  assembly 
55  flushes  the  liquid  waste  off  of  the  upper  shroud  135 
of  impeller  87  and  around  discharge  nozzles  131  and 
133  to  clear  any  blockage.  Purge  feed  lines  215,  219 
and  221  can  also  be  used  to  deliver  the  initial  flow  of 
lubricant  to  radial  and  thrust  bearing  assemblies  89,  91  , 
and  92  until  the  hydraulics  of  impeller  assembly  55 
pumps  the  process  liquid  up  into  motor  cavity  151.  The 
water  supply  in  purge  feed  lines  215,219,  and  221  may 
be  delivered  at  about  a  pressure  of  80  psig  for  100  gpm 
of  water. 

If  mixer  pump  47  is  operated  in  an  explosive  envi- 
ronment,  nitrogen  gas  can  be  delivered  into  column  as- 
sembly  51.  Referring  to  Figure  7,  upper  closure  plate 
1  76  of  cable  tray  assembly  171  supports  a  nitrogen  sup- 
ply  connection  233  and  a  nitrogen  exhaust  connection 
235.  As  is  known  in  the  art,  pressurized  nitrogen  gas 
can  be  delivered  into  pipe  165  of  column  assembly  51 
to  resist  the  entry  of  flammable  gases  into  pipe  1  65  con- 
taining  power  cable  173  and  motor  leads  (not  shown). 

One  of  the  major  features  of  the  present  invention 
is  to  process  the  liquid  waste  in  tank  49  and  to  use  the 
head  generated  by  the  hydraulics  of  impeller  assembly 
55  to  pump  the  processed  liquid  to  both  cool  electric  mo- 
tor  means  57  and  to  lubricate  radial  bearing  assemblies 
89  and  91  and  thrust  bearing  assembly  92.  As  discussed 
hereinabove,  the  liquid  waste  contains  highly  radioac- 
tive  materials  containing  50%  solids  by  volume,  with 

particle  sizes  up  to  about  0.040  inches.  Figure  8  illus- 
trates  the  internal  flow  path  for  the  liquid  waste.  The  liq- 
uid  waste  is  suctioned  up  through  suction  adapter  113 
where  the  mesh  size  of  inlet  screen  115  is  such  as  to 

5  prevent  the  entry  of  particles  which  could  damage  or 
block  the  pump  hydraulics.  The  impeller  87  operates  to 
discharge  the  processed  liquid  out  of  discharge  nozzles 
1  31  and  1  33,  as  shown  by  the  several  arrows  in  Figure 
8,  and  to  circulate  the  processed  liquid  through  the  bear- 

10  ing  assemblies  89,  91  and  92  and  then  into  electric  mo- 
tor  means  57.  The  upper  shroud  1  35  of  impeller  87  acts 
as  a  cyclone  separation  in  that  it  centrifuges  the  larger 
heavier  particles  outward  with  the  mainstream  liquid 
flow  through  the  discharge  nozzles  131  and  133.  The 

is  smaller,  lighter  particles  which  spiral  inwardly  against 
the  centrifugal  spinning  action  of  impeller  87  and  into 
thrust  bearing  cavity  1  47  are  either  ground  up  in  the  an- 
nular  gap  formed  by  the  two  tungsten  carbide  rings  119 
and  121  on  the  impeller  hub  118  and  lower  end  plate 

20  111,  respectively,  or  pass  safely  through  electric  motor 
means  57.  The  radial  gap  between  rings  119  and  121 
is,  preferably,  about  0.  1  25  inches  and  acts  to  reduce  the 
size  of  particles  greater  than  0.125  inches  in  diameter 
to  less  than  the  radial  clearance  between  rotor  can  71 

25  and  stator  can  69,  which  may  be  about  0.150  inches, 
and  to  less  than  the  dimensions  of  the  axial  slots  88  in 
the  static  bearing  member  of  lower  radial  bearing  as- 
sembly  91  .  Since  the  particles  are  reduced  to  less  than 
0.125  inches  they  can  easily  be  passed  with  the  liquid 

30  flow  through  the  bearing  surfaces  of  both  thrust  bearing 
assembly  92  and  lower  radial  bearing  assembly  91  and 
up  into  the  radial  clearance  between  stator  can  69  and 
rotor  can  71  ,  or  are  further  ground  down  by  the  hard-on- 
hard  bearing  surfaces  of  thrust  bearing  assembly  92  and 

35  lower  radial  bearing  assembly  91  ,  or  are  passed  through 
the  axial  slots  88  of  the  static  bearing  member  85b  on 
lower  annular  housing  95. 

Still  referring  particularly  to  Figure  8,  after  the  proc- 
essed  liquid  flows  out  of  the  radial  clearance  between 

40  stator  can  69  and  rotor  can  71  it  flows  into  the  upper  part 
of  motor  cavity  151  to  cool  the  upper  radial  bearing  as- 
sembly  89.  The  processed  liquid  then  flows  out  of  axial 
ports  243  and  245  in  upper  annular  housing  93  and 
through  radial  port  247  in  upper  end  plate  1  57,  and  exits 

45  out  of  housing  assembly  53  for  electric  motor  means  57 
and  into  waste  tank  49  of  Figure  3.  The  several  arrows 
in  Figure  8  show  this  flow  path  for  the  processed  liquid. 
The  connection  of  upper  end  plate  1  57  to  cap  assembly 
1  61  is  such  that  no  processed  liquid  enters  into  pipe  1  65 

so  of  column  assembly  51  . 
Preferably,  the  several  main  components  discussed 

above  for  mixer  pump  47  are  generally  made  of  stain- 
less  steel  and  are  generally  welded  together  to  form 
sealed  joints  to  resist  any  undesirable  liquid  waste  from 

55  entering  into  mixer  pump  47  and  to  resist  any  undesir- 
able  processed  liquid  and/or  fresh  water  from  exiting 
mixer  pump  47  and/or  from  entering  the  components  of 
mixer  pump  47  other  than  as  discussed  hereinabove. 
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Contrary  to  prior  art  mixer  pumps,  mixer  pump  47  is  de- 
signed  such  that  there  is  no  leakage  of  fluids  from  the 
mixer  pump  47  into  the  tank  49  which  would  add  to  the 
volume  of  radioactive  liquid  waste  in  the  tank  49  which 
must  be  ultimately  and  properly  disposed  of  in  the  man-  s 
ner  discussed  hereinabove. 

Mixer  pump  47  is  designed  to  dispense  the  accu- 
mulation  of  sludge  on  the  formation  of  aluminate  crystals 
between  close  running  surfaces  during  extended  peri- 
ods  of  inactivity.  All  running  clearances  are  maximized  10 
to  reduce  the  complete  crystallization  across  the  gap 
and  to  reduce  the  shear  strength  of  any  crystals  that 
bridge  the  gaps.  For  example,  the  radial  clearance  in 
the  annulus  between  stator  can  69  and  rotor  can  71  is 
about  0.150  inches  and  the  clearance  between  the  up-  15 
per  shroud  135  of  impeller  87  and  lower  end  plate  111 
is  about  0.050  inches.  Purge  feed  lines  215,  219  and 
221  are  strategically  located  relative  to  upper  radial 
bearing  assembly  89,  thrust  bearing  assembly  92,  and 
impeller  assembly  55,  respectively,  to  clean  out  the  20 
sludge  or  aluminate  crystals  prior  to  operating  mixer 
pump  47.  Additionally,  the  starting  torque  of  electric  mo- 
tor  means  57  is  such  as  to  overcome  the  starting  friction 
created  by  a  shear  strength  of  the  sludge  on  aluminate 
crystals,  which  shear  strength  may  be  about  200  dynes/  25 
cm2. 

Electric  motor  means  57  contains  a  high  tempera- 
ture  insulation  system  which  is  capable  of  providing  at 
least  40  years  of  continuous  operating  life  at  200°C. 
Such  insulation  system  may  consist  of  mica,  silicone  30 
and  glass  varnishes  in  various  combinations  and  parts. 
This  insulation  system  enables  the  "canned"  motor  mix- 
er  pump  47  to  use  the  resident  90°C  process  fluid  for 
cooling  electric  motor  means  57.  Preliminary  thermal 
analysis  of  the  cooling  of  electric  motor  means  57  has  35 
indicated  a  maximum  winding  surface  temperature  for 
motor  means  57  as  being  190°C,  with  a  resultant  oper- 
ating  life  being  greaterthan  40  years.  The  insulation  sys- 
tem  of  electric  motor  means  57  has  been  tested  in  radi- 
ation  environments  up  to  1  ,000  megarads,  which  far  ex-  40 
ceeds  the  300  megarads  expected  in  the  environment 
in  which  mixer  pump  47  will  generally  be  employed.  Ad- 
ditionally,  the  power  cables  173  may  be  coated  with  a 
radiation  resistant  material,  such  as  asbestos,  which  re- 
sists  radiation  up  to  1,000  megarads  and  which  has  a  45 
40  year  thermal  life  expectancy  for  temperatures  at 
about  250°. 

-  The  structure  and  features  of  mixer  pump  47  of 
Figures  3-10  contribute  to  give  mixer  pump  47  a  mini- 
mum  operating  life  in  excess  of  about  5,000  hours  over  so 
a  1  0-year  period  for  a  liquid  waste  temperature  of  250°. 

It  will  be  appreciated  that  an  improved  mixer  pump 
for  a  highly  radioactive  waste  tank  has  been  disclosed 
which  positions  a  canned  motor  means  in  close  proxim- 
ity  to  an  impeller  assembly  and  uses  the  hydraulic  head  55 
of  the  impeller  to  circulate  liquid  waste  up  into  the 
canned  motor  to  lubricate  the  bearings  and  to  cool  the 
canned  motor  means.  It  is  to  be  further  appreciated,  that 

even  though  the  mixer  pump  disclosed  herein  is  used 
in  a  harsh,  abrasive  environment,  that  its  expected  op- 
erating  life  has  been  extended  at  least  50  times  over 
prior  art  mixer  pump  designs. 

While  specific  embodiments  of  the  invention  have 
been  disclosed,  it  will  be  appreciated  by  those  skilled  in 
the  art  that  various  modifications  and  alterations  to 
those  details  could  be  developed  in  light  of  the  overall 
teachings  of  the  disclosure.  Accordingly,  the  particular 
arrangements  disclosed  are  meant  to  be  illustrative  only 
and  not  limiting  as  to  the  scope  of  the  invention  which 
is  to  be  given  the  full  breadth  of  the  appended  claims 
and  any  and  all  equivalents  thereof. 

Claims 

1  .  A  submersible  motor  mixer  pump  (47)  for  mixing  ra- 
dioactive  liquid  waste  containing  particles  inside  a 
waste  tank  (49),  characterized  by: 

a  column  assembly  (51)  containing  electrical 
power  cable  means  (171)  and  extending  in  said 
waste  tank  (49), 
a  motor  housing  (53)  having  electric  motor 
means  (57)  connected  to  said  column  assem- 
bly  (51)  for  positioning  said  electric  motor 
means  (57)  down  into  said  waste  tank, 
said  electric  motor  means  having  a  stator  as- 
sembly  (59,61,63,69)  and  a  rotor  assembly 
spaced  apart  to  form  an  annulus  (79)  therebe- 
tween,  said  stator  assembly  having  a  stator  can 
(69)  and  said  rotor  assembly  having  a  rotor  can 
(71)  and  a  shaft  (81)  rotatable  therewith, 
an  impeller  assembly  (55)  having  an  impeller 
(87)  which  is  connected  to  said  shaft  (81)  of 
said  rotor  assembly  for  mixing  said  liquid  waste, 
and 
bearing  means  (89,91,92)  for  mounting  said 
electric  motor  means  (57)  in  said  motor  housing 
(53), 
said  impeller  of  said  impeller  assembly  includ- 
ing  means  (1  27,  1  29)  being  structured  to  create 
an  hydraulic  head  when  mixing  said  liquid 
waste  and  to  force  said  liquid  waste  into  said 
motor  housing  (53)  for  lubricating  and  cooling 
said  bearing  means  and  for  cooling  said  electric 
motor  means. 

2.  A  submersible  motor  mixer  pump  of  Claim  1,  where- 
in  said  bearing  means  is  characterized  by  hard-on- 
hard  bearing  surfaces  structured  to  create  a  liquid 
film  therebetween  and  wherein  said  bearing  means 
being  further  structured  (1  1  9,  1  21  )  to  grind  said  par- 
ticles  prior  to  said  liquid  waste  entering  said  annulus 
between  said  stator  assembly  and  said  rotor  as- 
sembly  for  said  cooling  of  said  electric  motor 
means. 
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3.  A  submersible  motor  mixer  pump  of  Claim  2,  further 
characterized  by: 

a  ring  assembly  (119,121)  being  part  of  said  im- 
peller  and  said  motor  housing  and  containing  s 
hard-on-hard  bearing  surfaces  which  grind  said 
particles  in  said  liquid  waste  prior  to  said  liquid 
waste  flowing  into  said  bearing  means  to  resist 
damage  to  said  bearing  means. 

10 
4.  A  submersible  motor  mixer  pump  of  Claim  3,  where- 

in  said  bearing  means  further  includes  radial 
(89,91  )  and  thrust  bearing  (92)  assemblies  with  said 
hard-on-hard  surfaces,  and  wherein  said  hard-on- 
hard  bearing  surfaces  of  said  bearing  means  and  15  1 
said  hard-on-hard  bearing  surfaces  of  said  ring  as- 
sembly  are  made  of  tungsten  carbide. 

5.  A  submersible  motor  mixer  pump  of  Claim4,  where- 
in  said  bearing  assemblies  have  bearing  member  20 
means  (83b,  85b)  with  slot  means  (88)  for  receiving  1 
said  solid  particles  for  further  grinding  of  said  solid 
particles  in  said  liquid  waste. 

6.  A  submersible  motor  mixer  pump  of  Claim  1,  where-  25 
in  said  bearing  means  includes  radial  bearing  as- 
semblies  associated  with  said  shaft,  and  further 
characterized  by  path  means  in  said  impeller 
means  and  said  motor  housing  for  circulating  said 
liquid  waste  into  said  radial  bearing  assemblies  and  30 
into  said  annulus  between  said  stator  assembly  and 
said  rotor  assembly  for  said  cooling  of  said  electric 
motor  means. 

peller  and  said  casing  for  seating  said  impeller 
in  said  casing  and  for  drawing  said  liquid  waste 
into  said  impeller  assembly, 
an  inlet  screen  (1  1  5)  connected  to  said  suction 
adapter,  and 
a  sparge  ring  (141)  located  in  said  inlet  screen, 
and 
wherein  said  submersible  motor  mixer  pump 
further  comprises  second  water  supply  means 
extending  parallel  to  said  column  assembly  for 
delivering  pressurized  fresh  water  to  said 
sparge  ring  to  flush  out  said  liquid  waste  there- 
from. 

0.  A  submersible  motor  mixer  pump  of  Claim  1,  where- 
in  said  column  assembly  has  an  elongated  cavity, 
and  further  comprises  a  cable  tray  assembly  having 
a  closure  plate  closing  off  said  cavity  at  a  first  end 
of  said  column  assembly. 

1.  A  submersible  motor  mixer  pump  of  Claim  10, 
wherein  said  cable  tray  assembly  further  character- 
ized  by  a  plurality  of  spaced  apart  tray  guides  for 
supporting  said  electrical  power  cable  means  in 
said  column  assembly. 

7.  A  submersible  motor  mixer  pump  of  Claim  6,  further  35 
comprising  first  water  supply  means  (215,217)  ex- 
tending  parallel  to  said  column  assembly  and  into 
said  motor  housing  and  said  impeller  assembly  for 
delivering  pressurized  fresh  water  thereto  to  flush 
out  said  liquid  waste  therefrom.  40 

8.  A  submersible  motor  mixer  pump  of  Claim  7,  further 
characterized  by  means  between  said  motor  hous- 
ing  and  said  column  assembly  having  first  channel 
means  being  part  of  said  path  means  for  directing  45 
said  liquid  waste  out  of  said  motor  housing  and  sec- 
ond  channel  means  for  directing  the  flow  of  said 
pressurized  water  from  said  first  water  supply 
means  into  said  motor  housing  and  whereby  said 
flow  of  said  pressurized  water  and  said  liquid  waste  so 
into  said  column  assembly  is  resisted. 

9.  A  submersible  motor  mixer  pump  of  Claim  7,  where- 
in  said  impeller  assembly  further  characterized  by: 

55 
a  casing  for  housing  said  impeller  and  connect- 
ed  to  said  motor  housing, 
a  suction  adapter  (113)  connected  to  said  im- 
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